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PREFACE

This study was conducted at the US Army Engineer Waterways Experiment
Station (WES) during the period May 1985 through July 1986 by Messrs. M. John
Cullinane, Daniel E. Averett, Richard A. Shafer, James W. Male, Clifford L.
Truitt, and Mark Bradbury under the direct supervision of Mr. Norman R.
Francingues and Dr. Michael R. Palermo. General supervision was provided by
Dr. Raymond L. Montgomery, Chief, Environmental Engineering Division and
Dr. John Harrison, Chief, Environmental Laboratory.

Technical contributions in the form of test protocol descriptions were
received from the following: Dr. Bobby L. Folsom, Jr., for the plant uptake/
biocassay tests; Dr. John W, Simmers, Dr, Stratford H. Kay, and Mr. R. G. Rhett
for the earthworm bioassay test; Dr. James M. Brannon and Mr. Tommy E. Myers
for the leachate test; Dr. Palermo for the effluent test; Dr. Tom M. Dillon,
Dr. Henry E. Tatum, and Mr. Victor A, McFarland for the aquatic and benthic
bioassay test; and Mr. John G. Skogerboe for the surface runoff tests.

Review and constructive comments were received from the Evaluation Pro-
cedures Working Group (EPWG), Puget Sound Dredged Disposal Analysis Committee
including: Mr. Jim Krull, Washington Department of Ecology; Mr. David
Jamison, Washington Department of Natural Resources; Mr. Brian Ross,

U.S. Environmental Protection Agency, Region X; and Mr. Keith Phillips,
U.S. Army Engineer District, Seattle. Mr. Phillips is chairman of the EPWG
and project coordinator for the Seattle District.

Constructive comments have also been provided by the following: Mr. Doug
Hotchkiss, Port of Seattle; Mr. Carl Kassebaum, U.S. Environmental Protection
Agency, Region X; Mr. John Malek, U.S, Army Engineer District, Seattle;

Mr. Phillip Spadaro, Hart-Crowser, Inc., and Mr. Jim Thornton, Washington
Department of Ecology.

The Director of WES during the study and preparation of this report was

COL Allen F. Grum, USA. Technical Director was Dr. Robert W. Whalin.
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% EXECUTIVE SUMMARY

Puget Sound, a major Pacific Coast estuary, is located at the northwest
corner of the United States in the State of Washington. The Port of Seattle,
located on Puget Sound, is the largest container port on the Pacific Coast of
the United States and is the second largest container port in the United
States. The waterways, harbors, and port facilities associated with Puget
Sound are vital to the economy of the local area, as well as to the nation.
Puget Sound is considered to be an ecologically rich and diverse marine water
body nestled between two snow-capped mountain ranges. In recent years; how-
ever, environmental studies have identified chemical contaminants in sediment
and aquatic organisms. Many areas of contamination are near point source out-
falls. The trend, which is expected, in view of recent intense pollution
abatement programs directed at point source discharges, is for lower concen-
trations in more recent sediments. Contaminants have also been detected in
sediment and biota for areas of Puget Sound previously thought to be clean;
however, this probably results from the more intensive investigations now
being conducted rather than new contamination. These discoveries have focused
agency and public attention on the health of the Sound.

Like most waterways, navigation on Puget Sound is impacted by sedimenta-
tion and shoaling, which, if left unattended, can make a waterway impassable
to ship traffic. Maintaining authorized channels for navigation and expanding
existing facilities on Puget Sound require dredging and disposal of an esti-
mated 1,000,000 cu yd of sediment each y2ar, Of this amount, approximately
500,000 cu yd goes to unconfined open water disposal. These projects are
implemented by a variety of public and private sector agencies including the
US Army Corps of Engineers, other federal agencies, port authorities, marine
industries, municipalities, and private companies,

Sediment deposited on the bottom of streams, lakes, and coastal waters
varies in physical and chemical composition. Because many water pollutants
are attracted by and become attached to sediment particles, pollutant
concentrations in sediment are generally much greater than in water. Drainage
basins with concentrated urban, industrial, or agricultural sources contribute
significantly to downstream sediment contamination, Such i1s the case with

Puget Sound.
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The environmental impact of sediment depends on the amount of contaminant

present and the mobility of the contaminant into environmental pathways by
’ biological or hydrodynamic processes. The chemistry of contaminants in sedi-
( ments is controlled primarily by the physicochemical conditions under which
[ the sediment exists. Fine-grained sediment 1is typically anoxic, reduced, and
near neutral in pH. The manner in which disposal environments affect these
chemical characteristics is an important consideration in the selection of
disposal options. If sediment is disposed in an aquatic environment, sediment
chemistry may not change. However, transfer of the sediment to a dryer envi-
ronment, such as an upland disposal site, may change the chemistry to an oxic
and lower pH condition more favorable to the release of contaminants (Lee et
al. 1985).

Biological and physical processes may also affect the release of contam-
inants at a disposal site, Different contaminants and sediment with different
properties do not always respond similarly to an altered biological or phys-
{icochemical condition. This requires testing on an individual basis for site-~
specific sediment contamination problems (Gambrell et al. 1978).

Puget Sound dredging projects may be conducted to maintain navigation
channels, to create new harbors and port facilities, or to remove contaminated
sediment (remedial actions). Projects whose purpose is remedial action will
by definition contain contaminants that require special considerations during
disposal. Maintenance or new work dredging may involve sediment with various
degrees of contamination. This study considers disposal options for contam-
inated sediment from all three types of projects.

As the concern over dredging and disposal of contaminated sediments
increases, unconfined open-water disposal of dredged material from harbors and
navigation channels 1s being closely scrutinized by state and local govern-
ments as well as numerous federal agencies. Due in part to inadequate infor-
mation regarding the impacts of dredged material disposal on the Sound, new

permits and renewals of existing permits for open-water disposal sites include

more stringent conditions than permits issued in the past. Delays or restric~
tions in issuing permits have delayed mainternance dredging and increased the
cost of new port facilities.

Because of the environmental egignificance of Puget Sound, the US Envi-
ronmental Protection Agency Region X (USEPA), the Washington State Department
of Ecology (WDE), and the Washington Department of Natural Resources (DNR)
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developed a joint program for dealing with Puget Sound pollution problems
called the Puget Sound Estuary Program, formerly the Puget Sound Tnitiative.
The purpose of this program is to identify water quality problems and promote
cleanup actions. The part of this program aimed at dredged material disposal
is the Puget Sound Dredged Disposal Analysis (PSDDA). Lead for PSDDA was
assigned to the Seattle District, Corps of Engineers, in 1984.

The goal of PSDDA is to provide the basis for publicly acceptable uncon-
fined disposal of dredged material in Puget Sound. The PSDDA program will
prepare an environmental impact statement for each of the two phases of the
study. The basis for Phases I and II 1s geographical division of the Sound
into the Central Puget Sound area (Phase I) and balance of the Sound
(Phase II). Phase I is to be completed by the end of the second year of
study, and Phase II is to be completed during the third year of the study.

The overall purpose of PSDDA is to find acceptable open-water disposal
methods and sites for dredged material. The PSDDA plan of study consists of
five objectives. This report presents the results of Task 3g (Selection,
Design, and Monitoring of Confined Disposal Options) of Objective 3 (Disposal
Evaluation Procedures). Task 3g is intended to identify alternative methods
of dredging/transportation/disposal and to review alternative evaluation
procedures for the handling of sediments that are unsuitable for unrestricted
open water disposal.

Dredging operations are conducted in three distinct phases: dredging
sediments from their in situ location, transportation of the dredged material
to the selected disposal area, and disposal. This report discusses the selec-
tion of control/treatment alternatives for limiting contaminant release during
all three phases of dredging operations. Furthermore, because of the distinct
and significant differences in operation the three disposal scenarios, upland,
nearshore, and restricted open water, will be discussed separately. Thus,
control/treatment alternatives can be categorized as follows:

a. Control/treatment during dredging.

b. Control/treatment during transport.

c. Control/treatment for upland disposal.

d. Control/treatment for nearshore disposal.

e, Control/treatment for open water disposal.

iv




The selection of appropriate control/treatment alternatives requires that . ;
each must be evaluated using a uniform set of criteria. Although important {;5 ¢
criteria will vary between regions, nine evaluation criteria were selected for »
use during this study. Each control/treatment alternative presented in this
report is evaluated in terms of the nine evaluation criteria. These criteria v
include: reliability, implementability/availability, technical effectiveness/ »&
efficiency, environmental concerns, safety, operation and maintenance, costs,
regulatory requirements, and public acceptance., Definicions of these criteria ﬂt
are presented in Part IX. j

Characteristics, operational considerations and control, and equipment é
considerations and modifications for dredging contaminated sediments are 1

8 Aray

described for each dredging alternative, The two basic types of dredges

addressed in this report, hydraulic and mechanical dredges, are categorized

-
based on the similarities each has in terms of contaminant loss during dredg- 3;
ing. Special-purpose dredges that have been designed for contaminated sedi- T
ments are also included in the discussion. Different dredging methods appear E
more appropriate for certain contaminant classes: R
a. For volatile contaminants, mechanical dredges are likely to pro- ?’
duce less loss than hydraulic dredges. ?
b. Sediment-bound contaminants can be removed more efficiently by ia
hydraulic dredges than mechanical dredges and appropriate technology exists E;
for control of solids at the disposal end. o
c. Soluble contaminants can be removed more efficiently by a }
hydraulic dredge, but are difficult to control at the disposal end and treat- ﬁﬁ
ment of the effluent water may be required. ::'
Most projects are likely to contain all three types of contamination, ::
corfounding a decision on appropriate dredging technique. In terms of overall <
contamination, sediment-bound contaminants usually represent the bulk of the ;;
contamination, suggesting use of hydraulic equipment for maximum recovery and i;
extraction efficiency. The amount of volatiles that may be lost during dredg- tﬁ
ing are not likely to be a source of major concern in many projects. As the ?”
types and amount of soluble, or easily solubilized, contaminants increase in a b
sediment to be dredged, greater consideration should be given to the cost and :.
environmental impact of mechanical dredging with watertight equipment relative -

A,

to that of hydraulic dredging and water treatment at the disposal site,

.,.,-
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This evaluation is likely to be the key to selecting a dredge for a given con-
taminated sediment,

In terms of sediment resuspension at the dredge site, special-purpose
hydraulic dredges produce less resuspension than :onventional hydraulic
dredges, and, with the exception of hopper dredge overflow, conventional
hydraulic dredges produce less resuspension than mechanical dredges. In terms
of slurry water that may require treatment at the disposal site, mechanical
dredges produce much less water than special-purpose hydraulic dredges, and
special-purpose dredges produce less water than conventional hydraulic
dredges. Hydraulic dredges produce less solids resuspension at the dredging
site and have a higher removal efficiency for liquid and solid phases than do
mechanical dredges. However, use of a hydraulic dredge to obtain high removal
efficiency at the dredging site involves a tradeoff requiring consideration of
increased slurry water and sediment consolidation time at the disposal site.

A variety of dredging equipment modifications are appropriate for work in
highly contaminated sediments. Modifications that appear most promising at
this time include:

a. the walking spud (hydraulic dredge).

b. ladder pumps (hydraulic dredge).

c¢. 1n-line production meters (hydraulic dredge).
d. large, watertight buckets (mechanical dredge).

Operational modifications to be considered for hydraulic cutterhead
dredges include minimizing cutter revolution speed, controlling swing speed,
not overdigging the maximum cut depth, and dredging during optimum current
conditions. For mechanical dredging, sweeping the bottom with the bucket and
digging fine-grained sediments from underneath (heavy buckets penetrating
through soft surface materials) are practices to be avoided in contaminated
areas, For most operator controls or operational modifications, serious con-
sideration should be given to hourly rental of dredging equipment rather than
bidding in order to maintain control of project costs and better define cost
factors during first-t{me use of modifications.

The key considerations involved with disposal method effectiveness are:

a. The class of contaminants of concern.
b. The similarity of disposal site conditions to in situ

conditions.




c¢. The number and magnitude of contaminant transport mechanisms
operating at the disposal site.

d. The degree of control or treatment possible to intercept migrat-
ing contaminant fractions.

e. The risk of significant adverse effects from contaminants
released by the disposal method. ¢

In general, leaving or disposing of contaminated sediment in a chemical
environment as close as possible to their in situ state favors contaminant
retention (especially metals)., Geochemical changes associated with air and
oxygen In upland and nearshore sites can change (reduce) sediment pH (mobiliz-
ing metals) and alter (dissolve, degrade, or volatilize) sediment organic car-
bon (mobilizing organics). Based on this, many contaminants would tend to
stay bound to sediment better in an open-water capped site than a nearshore or
upland site. For organic contaminants, the influence of geochemical changes
may be outweighed by the consideration of water exchange.

Metals will often go into solution and become mobile in oxidized, unsatu-
rated sediment (e.g., in an upland site). Organic contaminants tend to con-
stant solubility regardless of how wet or dry the sediment stays., Therefore,
they will have greater mobility potential where greater exchange of water
occurs within the sediments. These tendencies suggest that heavy metal con-
taminated sediments should be left under water and organic contaminated sedi-

ments should be disposed of above water. Nearshore sites have greater water

exchange than upland sites, and upland sites have greater geotechnical changes
than open water sites. It should be noted; however, that the net effect of
drying, matrix decomposition,/solubilization, and water exchange on the mobil-
ity of metals and organics is not easy to decipher.

Open-water sites, especially those in deep water, have fewer transport
mechanism than upland sites. Nearshore sites have the most transport routes
avallable and are located in a very active environment; therefore, nearshore
disposal may be the least preferred method for long-term confinement of con-
taminants because of significant management considerations.

In terms of controlling contaminant release, open-water disposal allows
for very few controls of releases other than cap thickness. However, increas-
ing cap thickness is a relatively simple and effective control method. Upland
iisposal, on the other hand, allows for the greatest control through design

eatures, monitoring capabilities, backup contaminant intercept systems, and
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treatment facilities. The nearshore disposal operation does allow for greater
control of contaminants than open water disposal, but many fewer than are
available in an upland disposal scenario.

For open-water disposal, the levels of contaminant concentration released
will be low relative to nearshore or upland sites and will be diluted by the
overlying water., The risk of significant damage in this environment is low
and would not likely affect human health. For upland disposal, environmental
risks incurred may be higher than in open water because of potential human
health concerns. Because of its active environment, the risks to the environ-
ment and to human health from nearshore disposal may be greater than in open
water and in many situations may be greater than at an upland site,.

Control/treatment technologies for containment or isolation of contami~
nants from the environment are discussed in Parts IV (Upland), V (Nearshore),
and VI (Restricted Open Water).

Control/treatment technologies for upland disposal are discussed in terms
of the potential migration pathways and the media to which the control/
treatment technology is applied. Six types of potentially contaminated media
are identified: dredged material slurry, dredged material solids, disposal
site effluent, disposal site runoff, disposal site leachate (including seepage
through and under dikes), and residual solids. Passive site controls such as
liners and covers are emphasized. As an alternative, treatment technologies
such as chemical extraction, physical separation, and chemical stabilization
are discussed.

Disposal of contaminated sediment in the upland environment may produce
contaminated liquids including effluent produced during active dredging opera-
tions, runoff water produced during initial dewatering and rainfall events,
and leachate produced during initial dewatering and subsequent rainfall
events. Six levels of treatment for site waters were identified as follows:

a. Level I is the removal by sedimentation of suspended solids and
particulate bound contaminants from disposed and site-derived water. This
level would remove 99,9 percent of solids, 80-99 percent of toxic metals, and
50-90 percent of organic contaminants.

b. Level II is additional treatment to remove soluble metals. This
level would increase metals removal to greater than 99 percent.

c. Level III 1s treatment to remove soluble organics. This level

increases organics removal to 95 percent.

viii
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d. Level IV is treatment to remove nutrients such as ammonia and
phosphorus., o
e. Level V is treatment to remove dissolved solids. This level
would increase organics removal to 99 percent, but is primarily designed to
remove nonmetallic inorganic contaminants (e.g., nutrients and common anions),
f. Level VI is disinfection for destruction of pathogenic
organisms,

In going from upland to nearshore to open-water disposal, the degree of
site control and the number of available treatment options decreases., This
decreasing control is translated into reduced opportunities to design addi-
tional treatment measures that would prevent sudden or accelerated contaminant
release into the environment and/or to avoid the extreme expense of sediment
removal and relocation.

Potential control/treatment at upland sites includes several methods that
cannot be implemented at nearshore sites without site dewatering. Dewatering,
greater than natural evaporation, would require extraordinary and extremely
expensive construction techniques and is, therefore, not considered here.
Foundation material in the nearshore zone may not be adequate to support the
necessary diking. Seismic potential, mud foundations, and tidal fluctuations
can threaten dike stability. As a result, construction in the nearshore zone
has a higher risk of failure. Therefore, equivalent treatment at each site
would produce lower containment of contaminants in the nearshore site due to
the factors operating on contaminant mobility and the limited site control
relative to upland sites.

Restricted open-water disposal is discussed in Part VI. Currently avail-
able control/treatment technologies for open-water disposal are generally
limited to techniques for isolating the contaminated sediment from the water
column during deposition (downpipes and diffusers) and techniques for longterm
containment of contaminants (caps and lateral confinement). Concepts for
treating the contaminated dredged material followed by unrestricted open water
disposal have been proposed; however, are not sufficiently developed for field
scale implementation. These concepts employ a variety of treatment technolo-
gies including contaminant separation, contaminant immobilization, and contam—-
inant destruction. To date only contaminant separation has been demonstrated

at the laboratory and pilot scale, Additional research and development will
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be required prior to acceptance of this concept as a technically and economi-
cally attractive alternative.

Tests required for the selection and design of control/treatment tech-
nologies are presented in Part VII. Required tests are divided into four
categories: sediment characterization tests, site characterization tests,
contaminant release tests, and technology design tests. Many of the proto-
cols, particularly for contaminant release and technology design, have not
been standardized and are currently under development. Available protocols
specific to testing of contaminated sediments are presented in Appendix A.

Many control/treatment technologies proposed for application to contami-
nated sediment have not been proven for field scale implementation, Part VIII
of this report discusses four categories of control/treatment technologies:
proven, field demonstrated, demonstrable, and conceptual. Proven technologies
are those that have been applied in either the dredging or other industries
for control/treatment of contaminated waste or materials. Field demonstrated
technologies are those that have been applied to a dredging operation, either
on a pilot or full-scale basis, for control/treatment of contaminated sedi-
ment. Demonstrable technologies are those that could be considered for dem-
onstration, either pilot or field scale, without further need for process
development. This does not alleviate the need for laboratory and engineering
studies to design and implement the technology. Conceptual technologiles are
those than in theory would treat, control, or destroy dredged material contam-
inants, but are unlikely choices for current implementation or because of
limited knowledge of their reliability and technical effectiveness.

Whereas Parts Il through VIII of this report concentrate on the evalua-
tion of control/treatment technologies, Part IX describes a strategy for form-
ulating control/treatment alternatives and selecting between alternatives for
restricting contaminant migration from disposal sites. A five-phase Dredged
Material Alternative Selection Strategy (DMASS) is discussed in detail. The
DMASS is a sequential process which enables a planner or engineer to:

(1) select potential sites and screens out poor ones after a detailed site
assessment; (2) select potential control/treatment technologies that are
appropriate to the remaining potential sites and screen out poor options based
on knowledge of how well the technologies address the contaminants and

migration pathways of concern; (3) develop and evaluate alternatives based on
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site/technology combinations; and (4) select an appropriate site/technology
alternative, The five phases of the DMASS include:
a. Phase I. Presumption of contamination pathway.

b. Phase II. Confirmation of a site specific contamination
pathway.

c. Phase III. Alternative development and initial screening.
d. Phase IV. Detailed alternative evaluation.
e. Phase V. Alternative selection.

The first phase of the alternative selection strategy is the initial
determination that the sediment to be dredged is contaminated and that there
is some reason to believe that some type of restriction will be required dur-
ing dredging/transport/disposal operations, The presumption that contaminant
migration is a concern can be made using the decisionmaking framework proposed
by Lee et al. (1985) and Peddicord et al. (1986).

The end product of Phase I is a listing of potentially restricted con-
taminant migration pathways. It is assumed that this information indicates
the need for some restrictions or at least the need for further detailed anal-
ysis of the environmental consequences of a proposed dredging/transport/
disposal option., In Phase II, these concerns are evaluated in terms »f the
characteristics of a specific dredging and disposal site. It is highly pos-
sible that one site may require restrictions whereas another site may have
characteristics that require different or no restrictions. For example,

assume that initial testing of the sediment indicates that generation of con-

taminated leachate may impact groundwater or surface water resources at a dis-
posal site. This is the presumption of a contamination pathway. As
individual disposal sites are assessed, it may be determined that one site
requires a liner while at another site, fortuitous geological circumstances
may make a liner unnecessary., Thus, the presumption of a contaminant migra-
tion problem based on sediment testing must be confirmed by site specific
evaluations.

Phase II1 of the DMASS includes the development of candidate alternatives
for accomplishing the required restrictions placed on contaminant migration
and performing an initial assessment of proposed alternatives. The primary
objective of applying treatment/control alternatives at a site is to reduce
*i¢k (a function of contamination, the pathways, and the receptors) by mini-

.1.ing release and resultant exposure along each of the pathways. The initial



g B SRV Ay Ly g RN ETE AW ‘
[N 2 RO A LY I W} t ] <tk At s ' 2%k a't 2" <'% a%i ("2 aik a98 %2 . . ‘82 g2 Sat Gu 82" B2 B.' 2:' 02 22" B2l fat Bt A8 4.t 4 b

PN N

4wy

. site characterization and assessment serves to identify the critical migration
ﬁa& pathways for a specific site, Criteria for each of the migration pathways

should be developed and compared to the migration potential as determined from

-

the presumptive tests initially applied to the dredged material. In cases
where migration potential exceeds allowable criteria for a specific site,

design alternatives consisting of one or more technologies can be formulated

(e r BT

which, when applied at the site under study, will reduce contaminant migration

-

within acceptable criteria.

Phase IV of the DMASS 1s a detalled evaluation of control/treatment
alternatives. The evaluation of alternatives involves a determination of
evaluation criteria and a systematic comparison of alternatives so that alter-
native selection can be made. Nine evaluation criteria are proposed. Unfor-

tunately, only two of the proposed evaluation criteria can be easily

quantified: cost and operation and maintenance which can be valued in terms

of dollars. The remaining evaluation criteria are primarily qualitative; how-

ever, a relative numerical ranking system 1s described. Multi-criteria dis-
play techniques are proposed to aid in alternative selection,

Phase V of the DMASS is simply alternative selection. The DMASS is not

[HCEE B 3% SN I

designed to be a substitute for a person or group of people responsible for
making decisions. It does not make decisinns, but assists in the decision

making process by narrowing the number of choices and presenting information
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in a logical and easily understood format. How the choices are narrowed
depends in part on the decisionmaking sequence chosen by the analyst. It is
important that decisionmakers understand the process that is followed since

selection of the final alternative may be affected by the decision-making

e AN

sequence chosen. In many cases selection of an alternative is a group deci-
sion, often with each member of the group emphasizing different criteria,
When a decision is a group effort (and often open to public scrutiny), it is -

best to have a process that conveys as much information as possible about the

relative merits of the alternatives being considered for selection.
Part IX of this report also contains an illustrative example demonstrat- %

ing application of the DMASS to selection of control/treatment alternatives.

The Totem Ocean Trailer Express Terminal Project in the Blair Waterway was

gselected as the basis for the illustrative example. Each phase of the DMASS

AR LV L)

3 is applied to the Commencement Bay project. Practical aspects of alternative
WAl
o selection are identified and discussed in detail,
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An alternative to the extensive testing procedures proposed in the Deci-
sion Making Framework (DMF) (Lee et al. 1985, Peddicord et al. 1986) is the
concept of conservative design without extensive testing based on the results
of tests designed to determine the bulk chemistry of sediments. Under this
concept, the disposal site is designed to control at least the known charac-
teristics of the dredged material (based on bulk chemistry) and to meet strin-
gent restrictions for assumed but unquantified characteristics. The basis of
this strategy is the idea that implementation of a control/treatment alterna-
tive designed from bulk sediment chemistry data may be more cost effective or
more expedient 1an conducting the extensive testing protocols identified in
the DMF (Lee et al, 1985, Peddicord et al, 1986).

Contaminant mobility testing may not be necessary under at least three
scenarios:

a. Bulk chemistry results indicate that the material has acceptably
low levels of contaminants and standard disposal site design criteria apply.

b. The intended future use of the disposal site imposes design
restrictions more stringent than those that would otherwise be required. For
example, if an upland or nearshore disposal site is8 to be capped and sealed
because the site is planned for future industrial use, plant and animal bio-~
accumulation testing could be avoided.

c. The use of the most environmentally protective design is more
cost effective tha: ‘ncurring the cost of testing to demonstrate that a less
restrictive design is appropriate.

The planning level design of a contaminated dredged material disposal
facility usually incorporates a variety of structural features designed to
isolate the contaminated dredged material from the environment and a monitor-
ing program to assess the environmental impacts of the disposal facility. The
testing protocols define in the DMF (Lee et al. 1985, Peddicord et al. 1986)
are designed to minimize the number of site restrictions while ensuring that
measures that are implemented have a high probability of meeting environmental
goals. Design in lieu of extensive testing concepts, on the other hand, are
generally based on less data and as a result may have more environmental risk,
To compensate for the possibility of increased environmental risk, design in
lieu of extensive testing concepts usually include more intensive monitoring
nrograms and contingent remedial action plans that are triggered by specific

cutaminant releases., Thus, the design in lieu of extensive testing proposal
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includes three major elements: design features (including a management plan),
a;? a detailed monitoring plan, and a remedial action plan.

Part X of this report presents a strategy for deciding between the design
in lieu of extensive testing strategy and the implementation of the DMF
(Lee et al, 1985, Peddicord et al. 1986). The strategy is similar to the
DMASS presented in Part IX with the following exceptions,

a. The migration pathway estimate is based on bulk chemistry
results rather than detailed contaminant mobility testing.

b. Closer coordination with regulatory and resource management
agencies is required, with these agencies actively participating in the alter-
native development and evaluation process.

c. The alternative package includes a detailed contingent remedial
action plan.

d. Monitoring will usually be more intensive because of the envi-
ronmental uncertainties associated with such projects.

A four-phase strategy for implementing the design in lieu ~f extensive
testing options would be: presumption of contamination, initial design versus
extensive testing decision, confirmatlon of contaminant pathway, and alterna-
tive development and selection. The decision to implement the design in lieu
of extensive testing alternative should be based on the twin concerns of costs
and environmental risks as measured by regulatory acceptances. Costs are gen-
erally quantifiable whereas regulatory acceptance will vary from project to
project and may be based on a variety of intangible factors, Therefore, the
strategy emphasizes the use of costs as an initial screening tool to evaluate
the feasibility of implementing the design in lieu of extensive testing
options,

The appropriate control/treatment-monitoring~remedial action package will
be highly site specific and development of a generic package is not feasible.
The total cost of the project i1s the basis for the final decision., The design
in lieu of extensive testing strategy 1is essentially a tradeoff of testing
versus construction costs. Guidelines are developed to assist engineers in
the initial cost screening process. For large projects, those greater than
100,000 cu yd, 1t will almost always be cost effective to conduct extensive
testing in an effort to eliminate control/treatment measures. For smaller
projects, those less than 100,000 cu yd, the design in lieu of extensive

VN testing option may be cost effective depending on the extent of the required
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control/treatment options., The decision to implement the design in lieu of
testing strategy 1is very site specific. A detalled preliminary analysis of
the technical and cost feasibility must be conducted for each project. il
Part XI of this report presents conclusions and recommendations. The
broader conclusions and recommendations are presented below.
a. The short- and long-term release of contaminants via various
’ migration pathways from dredged material disposal sites cannot be ignored.
‘ Several techniques for predicting releases through specific pathways have been
developed; however, the development of additional techniques and more informa-
tion is needed to assess environmental effects and the need for implementing
control/treatment design features.
b. Control/treatment technologies are available and have been pro-
posed for use at dredged material disposal sites. Beyond removal of suspended
sediment from disposal area overflow, few technologies have been demonstrated
for control/treatment of contaminated dredged material.
c. Design procedures for site water treatment technologies at
upland and nearshore disposal sites are avallable and proven. Nearshore sites
that involve saline waters present unusual, but not insurmountable, design
problems.
d. A variety of site-control measures such as lining and capping
have been developed for control of hazardous waste materials. Such control
measures are not easily adaptable to the conditions at a confined disposal
site for dredged material. Placement of liners, particularly at nearshore
sites, has not been sufficiently demonstrated. Dewatering of confined con-
taminated dredged material will require special equipment, treatment of site
water, and a management plan for controlling contaminant release.
e. Procedures for designing restricted open-water disposal sites

are not well developed. In particular, designs for submerged diffusers and

downpipes for deep open-water sites have not been thoroughly developed and

P AR

their implementation has not been documented., To date, the feasibility of

oA

implementing lateral confinement and capping in deep water has not been demon-
strated. Projects are presently under design that will be used to demonstrate ~
these technologles. N

f. The selection of an appropriate control/treatment alternative o
depends nn both site (dredging and disposal) and sediment characteristics.

The DMASS presented in this report is a useful tool for developing an array of Cigd S
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alternatives, but because of site specificity and lack of experience in apply-
' ing the available control/treatment alternatives to dredged material, no sin-
gle alternative will emerge as the best alternative.

g. With the assurance of major cost increases, selection of con-
trol/treatment alternatives for very highly contaminated dredged material
could rely on technologies developed and being implemented for control of haz-~
ardous wastes, 1.e., Resource Conservation and Recovery Act (RCRA) and Compre-
hensive Environmental Response, Compensation, and Liability Act (CERCLA)
programs., A variety of proven and demonstrated technologies for disposal of
low-level contaminated dredged mater..’ 1s also readily avallable. The most
difficult decision is the one addressed by this study: selection of cost-
effective environmentally sound control/treatment alternatives for contam-
inated sediments that require more control than clean dredged material, but do
not warrant state-of-the-art controls required for a hazardous material.

Until more field experience and data are available on application of control/
treatment alternatives to lightly contaminated dredged material, the
alternative-selection strategy must remain somewhat open ended.

i, A recurring limitation is the evaluation of alternative techni-
cal feasibility-environmental effectiveness-costs interactions. Technical
feasibility can only be addressed through the continued development and
demonstration of new control/treatment technologies. A number of these new
technologies are proposed as demonstration projects. The evaluation of envi-
ronmental effectiveness will require analysis of the results obtained applying
the proposed control/treatment technologies combined with the continued devel-
opment of criteria against which the effectiveness of a control/treatment
alternative can be evaluated., Procedures must be developed that enable plan-
ner or engineers to perform site-specific contaminant migration analysis.
Finally, the costs of both the control/treatment alternatives and testing pro-
tocols are inadequately documented and are highly variable. Additional effort
must be expended to refine the costs associlated with controlling contaminant
migration from contaminated dredged material disposal sites, evaluate the
potential for contaminant migration, and assess the environmental impacts

associated with contaminant migration.
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